Laboratory experiments having high-frequency excitation electric fields near u; are reviewed. Effects of the inpe homogeneity of plasmas are discussed and the potential use of parametric instability in plasma heating is assessed.
Parametric instabilities may occur in systems having more than one resonance frequency (or degree of freedom). Consider a system with two degrees of freedom, characterized by one high-and one lowfrequency resonance. Under static conditions both have stable equilibrium. When an external alternating force field is applied at a frequency near the high-frequency resonance, the two degrees of freedom may become coupled through the excitation field, resulting in the destabilization of the 1 low-frequency degree of freedom. An example is the harmonic oscillator, represented by a pendulum with a stiff rod in a gravitacijnal field.
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The equilibrium 9 = 0 is stable and (i) = g/£. This is the lew-frequency resonance,-and ?.ts associated degree of freedom is -6. If the stiff rod is replaced by a spring of spring constant K, the system now has a new degree of freedom, namely, r, and its associated resonance frequency is fi = (K/m) . In the static gravitational field the 9 degree of freedom o remains stable at equilibrium. If an alternating gravitational field g cos Q t is applied to the system in the 9=0 direction, the r and 9
degrees of freedom become coupled through thie applied alternating field: the high-frequency potential, from which the high-frequency forces are derived,is m (g cos Qt) (r cos 9)
This coupling, basically, may destabilize the low-frequency 3 degree of freedom.
The response of the r degree of freedom has a resonance denominator 2 2 r « 1/(0 -0 ). This has two important consequences: 1) r undergoes an abrupt phase change of IT when Q passes through £i , and 2) the coupling can be made very effective by placing Q near (1 . The first specifies the resonance frequency as stability boundary (in the frequency domain), and the second indicates efficient destabilization of the equilibrium. When damping is included, the phase change becomes gradual and the coupling effectiveness more limited.
The threshold condition depends on: 1) linear damping of the system, and 2) the proximity of diving frequency to resonance frequency.
Plasmas have numerous resonance frequencies. One analogous 9-degree of freedom is the ion fluctuation n. ; its low frequency 2 2 r esonance is cu « u) . and it has a stable equilibrium at n. When an alternating electric field (pump) E is applied, n. and n become coupled. The high-frsquency potential obtained from Foisson's equation is proportional to E cos Ot n An s An = n -n. ~ 2 2 and the resonance denominator for n is n <= 1/ (ft -u) ). Again, we can destabilize the u) . wave by driving u) ; and threshold conditions depend on: 1) collisional or Landau damping, and 2) closeness of pump to resonance frequency. The frequency spectrum of the parametric instability therefore consists of the pump frequency ft, destabilized low-frequency instability at a), and a high-frequency sideband Q ± t«. In general the frequency u) may be zero or finite 3 respectively labelled as purely growing mode or decay instability.
When momentum considerations are included, wave number selection rule must also be satisfied. Incident and decay waves can be electrostatic or electromagnetic modes satisfying the boundary requirements.
There are other resonance frequencies in plasmas. Here, we restrict the discussion to laboratory experiments in which the frequency of the excitation field is near U) and the destabilized lowpa frequency mode is an ion acoustic wave near u) .; we exclude ionspheric- Caution must be exercised in interpreting.the cavity resonance curve from monitored transmitted power in the frequency-modulation method. When parametric instabilities set in during the sweep, the plasma absorps more power; hence the ratio of transmitted to absorped power is no longer constant at different points of the resonance curve and the .Q value varies. In addition, for frequency sweep, the residence time of the incident electromagnetic wave should be longer than the instability growth time.
What are the advantages of using electrostatic excitation by grids versus electromagnetic excitation by cavities? Grids can be used to launch a wide range of frequencies. In a grid experiment, the frequency spectrum can easily be measured, and the wave number spectrum can be obtained at low densities with probes. Electromagnetic waves launched by cavities have no such advantages: it is difficulc to find out what is going on inside the cavity without disturbing the cavity-plasma system. But precise power measurements (incident, reflected, and transmitted) can be made so that the gross properties are known while power-balance measurements in a grid experiment are difficult. In both cases, measurement of wavenumbers are more difficult, especially at high densities. From the viewpoint of rf plasma heating, excitation fields provided by electromagnetic fields are perhaps of more practical importance.
One important plasma parameter which affects the experiment is the inhoraogeneity of plasma. Table 1 This is reflected in the fact that all electromagnetic field excitation experiments were either pulsed or unsteady (frequency modulation or amplitude modulation in the cavities). Attempts to achieve steady state in the time scale of the plasma confinement time (in the regime that the skin depth is larger than the plasma size) results in relaxa-'' 6 tion oscillation of the entire plasma volume at an acoustic mode" .
Perhaps plasma inhomogeneity car. be advantageously used to overcome this, so that there is always one location at which an incident electromagnetic wave may interact with the plasma to destabilize the instability, especially in the high-density regime where the required incident wavelength becomes much shorter than the density-gradient scale length. A second possibility is to operate the devices in a parameter regime that fusion reaction can be completed before detuning of the resonance due to expansion. From this viewpoint, it is worthwhile to reiterate the importance of knowing the instability behavior in real time and its spatial variation,. . frequency dependence on density
